To assess whether levels of dietary restraint are associated with mis-reporting measures of adiposity by middle-aged adults. DESIGN: Cross-sectional study of middle-aged men and women, the parents of a group of young adults followed up since birth. METHODS: In all, 631 couples were mailed questionnaires and asked to record their height, weight and waist circumference. A paper tape measure with instructions for use was attached. Couples also completed the dietary restraint section of the Dutch Eating Behaviour Questionnaire, and provided information on employment and lifestyle habits. A subsample of participants was then invited to attend a clinic where detailed anthropometric measures were taken. RESULTS: In all, 435 women (69%) and 332 men (55%) completed the questionnaire; of those invited, 182 (85%) women and 102 (61%) men attended a clinic session. Regression analyses showed that the dietary restraint score was associated with the mis-reporting of BMI by women (Po0.01), but not men (test for interaction with gender, P ¼ 0.11). In women, the difference between the measured and reported BMI increased by 0.36 kg/m 2 (0.11-0.61) per unit increase in restraint score. This association was independent of age, smoking, social class, slimming, exercise frequency or television viewing time, but was attenuated in models controlling for measured BMI. The dietary restraint score was not associated with mis-reporting of waist circumference in men or women. CONCLUSIONS: Dietary restraint score may be a useful tool for identifying individuals more likely to mis-report anthropometric measurements, although associations may vary by gender.
Introduction
The mis-reporting of anthropometric measurements is of major concern in epidemiological research as it may be a source of bias and reduces the ability to detect important associations. Previous studies have suggested that the accuracy of self-reported data may vary with body size, age, sex and social position. [1] [2] [3] [4] [5] [6] Although overweight subjects tend to under-report their weight to a greater extent than those who are lean, mis-reporting occurs across all levels of body size. This suggests that 'figure consciousness' rather than body size per se may also be a source of bias. Dietary restraint--the cognitive control of food intake--may identify such concerns. Bingham et al 7 found that middle-aged women with higher levels of dietary restraint (ie greater conscious control of food intake) were more likely to underreport dietary intakes. The influence of dietary restraint on the mis-reporting of anthropometric measures has not been investigated in detail. Therefore, the aim of this study was to assess the influence of dietary restraint on the reporting of anthropometric measurements by a group of middle-aged adults in the UK.
Methods
Participants for this study were the parents of children who participated in the Barry Caerphilly Growth Study (n ¼ 951, 1972-1979) . All participants were Caucasian. In all, 631 (95%) of the children followed up at age 25-26 y were able to provide a parental address to which a set of questionnaires (one for each parent) was mailed. A subsample of parents was invited to attend a clinic session for physical measurements.
Parents whose 25-26-yr-old child was in the highest or lowest 19% of the BMI distribution were selected for clinic examination, along with 15% randomly chosen from the middle range.
Anthropometry
Parents were asked to report their height, weight (in light clothing) and waist circumference (in imperial units). To aid the reporting of waist circumference 8 a nonstretchable paper tape measure, with instructions for use, was specially produced for the study and included with the postal questionnaire. The instructions for measurement were printed on the tape measure: 'Your waist is just below your ribs but above your hips. Remove bulky clothing, stand straight, hold the tape lightly. Write down the most accurate measure'. All clinic measurements were taken in duplicate and followed WHO recommendations. 9 Before measurement, participants were asked to empty their bladders, undress to their underwear and don a standard hospital gown. Height was measured using a Holtain Harpenden Stadiometer and weight using Seca stand-on electronic scales. The scales had an accuracy of 0.1 kg and were regularly calibrated with a standard iron bar weight. The waist circumference was measured at the mid-point between the costal margin and iliac crest. All measurements were taken by a single, trained researcher (AC), and validation of the procedures demonstrated minimal intra-observer error.
Dietary restraint
The dietary restraint score was assessed by the 10 restraint questions from the Dutch Eating Behaviour Questionnaire (DEBQ), 10 which has been validated for use within a British population. 11 . The questionnaire identifies figure-conscious individuals whose restraint is reasonably effective. 12 Respondents were asked to rate each question (such as 'if you have put on weight, do you eat less than you usually do?') from 1 for 'never' up to 5 for 'very often'. Responses to each question were added together, and then divided by 10 to produce a score between 1 (reflecting low restraint) and 5 (reflecting high restraint). Participants who had omitted to answer one or more of the 10 questions were excluded.
Social class and behaviours
Each participant's social class group was derived from the Standard Occupational Classification (1995). 13 . Where cohabiting parents both provided employment details, the couple's social class was based upon the highest reported value. Where mothers and fathers had separated, but both returned a questionnaire, social class was based upon own, current employment. For parents who had separated, the occupation of a cohabiting partner was only used where the respondent had never been employed.
Participants were classified as never smokers, current smokers or ex-smokers. To assess activity, participants were asked how often they exercised 'to sweat'. To assess the mean daily television viewing, participants were asked how long they watched television on weekdays and weekends. Participants were also asked if they were currently following a slimming diet.
Time difference between self-report and clinic measurement The date of the clinic appointment and the date on which the completed questionnaire was returned were used to calculate the time difference between self-report and clinic measurement. The time difference was assessed in weeks.
Ethical approval was granted by the BroTaf Local Ethics Committee.
Statistical analyses
Self-reported measures were converted from imperial into metric units, and the mean of the duplicate clinic measures was used. All analyses were carried out separately for males and females. Pearson's correlation coefficients were used to assess the association between clinic and self-reported values. The extent of mis-reporting was investigated using Bland-Altman 14 plots, where the difference between the measured and reported measurements was plotted against the mean of the values. Factors associated with the difference between the measured and reported BMI and waist circumference were investigated using regression analyses. Factors associated with the dietary restraint score were also investigated. In 1995, Bland and Altman 15 discussed the investigation of the association between a test (T) and standard (S) measurement. 15 They show that the existence of measurement error implies that the expected correlation between the difference (T-S) and the standard, in the absence of any true association, is given by We used this formula to estimate the correlation between mis-reporting of BMI (T-S) and measured BMI (S) that would be expected in the absence of any true association.
All analyses were conducted using Stata software (version 6.0, College Station, TX, USA).
Results

Response
From the 631 parental addresses available, 435 (69%) women and 332 (55%) men returned a questionnaire. The majority Mis-reporting of anthropometric measures A Cullum et al of men and women who returned a questionnaire were couples (69%, n ¼ 301). Of those eligible to attend a clinic session, 182 (85%) women and 102 (60%) men attended; nonattendees refused outright (18 (8%) women and 32 (19%) men), or could not be contacted. Data on all variables assessed in these analyses were available for 146 (68%) women and 81 (48%) men.
The median time between questionnaire response and clinic attendance was 11.0 weeks for women and 12.8 weeks for men. Of those eligible to attend a clinic, female nonattendees tended to have a higher self-reported BMI (NS), were more likely to be obese (BMIZ30 kg/m 2 ) (P ¼ 0.05) or have a high waist circumference (Z88 cm) (NS) ( Table 1) . In contrast, male nonattendees tended to have a lower BMI and were less likely to be obese (both NS). The dietary restraint score was similar in attendees and nonattendees, but more nonresponders were currently following a slimming diet (NS women, P ¼ 0.03 men). No men who attended the clinic reported being on a slimming diet.
Extent of mis-reporting
The Bland-Altman 14 plots demonstrated that the selfreported values were systematically biased ( Figure 1 ). Under-reporting of weight appeared to be greatest among the heaviest individuals, whereas over-reporting of height was greatest among the shortest. Combined, these measures resulted in BMI being under-reported to a greater extent by fatter individuals. Under-reporting of waist circumference also increased with the size of the measure. Table 2 shows the mean difference between the measures and Pearson's correlation coefficients between self-reported and measured weight.
Factors associated with dietary restraint score Table 3 shows that for both men and women, the dietary restraint score was significantly associated with higher BMI and waist circumference and there was a small difference in the strength of associations between self-reported and measured values. For women, a higher dietary restraint score was associated with younger age and a longer time difference between questionnaire response and clinic attendance. For men, never smokers and those who exercise frequently had a higher dietary restraint score than current and ex-smokers, and those who did not exercise frequently.
Mis-reporting of BMI and waist circumference
Factors associated with the difference between measured and reported BMI and waist circumference are shown in Table 4 .
BMI. The correlations of mis-reporting of BMI with measured BMI were 0.38 (CI 0.24-0.50) in women and 0.28 (0.08-0.45) in men. Using Bland and Altman's formula, the correlations that would be expected in the absence of a real association (ie due to measurement error alone) were considerably smaller (0.09 and 0.07 in women and men, respectively). Thus, these data show that mis-reporting is greater in those with raised BMI and we therefore controlled for measured BMI when examining associations of dietary restraint with mis-reporting. The dietary restraint score was associated with the misreporting of BMI by women; for every one-unit increase in the dietary restraint score, the difference between measured and reported BMI increased by 0.36 kg/m 2 (0.11-0.61, (Figure 2 ). Controlling for measured BMI greatly attenuated the strength of this association (difference between measured and self-reported BMI 0.19 (À0.04 to 0.42) P ¼ 0.11). There was no association between misreporting and dietary restraint in men (0.11, À0.23 to 0.46, P ¼ 0.52). However, a test for interaction between sex and tertiles of restraint with respect to their effect on the difference between measured and self-reported values was not significant (P ¼ 0.11). Assessing men and women together (including a term for gender), for every one-unit increase in dietary restraint score, the difference between measured and reported BMI increased by 0.28 kg/m 2 (0.09-0.47, P ¼ 0.004). 
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Waist circumference. A higher dietary restraint score was not strongly associated with increased mis-reporting of waist circumference for women or men. BMI was associated with the mis-reporting of waist circumference for both sexes. The difference between measured and self-reported waist circumference increased by 0.27 cm (0.06-0.48, P ¼ 0.012) for women and by 0.56 cm (0.24-0.88, P ¼ 0.001) for men per unit increase in the measured BMI. Mis-reporting of waist circumference was not associated with age, current social class, the time difference between clinic attendance and return of the questionnaire, smoking, television viewing time, slimming or exercise frequency.
Discussion
This study suggests that females who make conscious efforts to control their weight--as indicated by the dietary restraint score--are more likely to provide weight and height estimates that result in BMI being underestimated. This association was independent of factors such as age, social class and lifestyle habits in middle age.
This association has not been reported previously, although several studies have attempted to gauge the influence of concerns about body weight on the reporting of anthropometric measures. Under-reporting of weight by female psychology students was not found to be greater among those classified as 'restrainers' compared to those classified as 'nonrestrainers'. 16 Yet, the results of this study are questionable due to the select study group and the use of the Herman and Polivy Restraint Scale (which is more likely to measure weight fluctuation and disinhibition than the successful element of restraint). 17 Nieto-Garcia et al 1 found
that male slimmers were more likely to under-report BMI than their peers. This was not found in females. However, 'slimming' status is likely to be a more transient behaviour than 'restraint status' and, thus, less informative. Although Mis-reporting of anthropometric measures A Cullum et al the middle-aged women following a slimming diet in the Barry Caerphilly cohort were more restrained, slimming was not associated with mis-reporting. The association with the dietary restraint score was weakened in models controlling for body size, which is commonly observed to be related to mis-reporting. 1, 5, 18 This suggests that the dietary restraint score is acting as an indicator for the effects of actual body size on mis-reporting, and in the absence of a validation study to assess the extent of mis-reporting, it could be a useful indicator of misreporting in large epidemiological studies. The results may also raise doubts as to the validity of studies that test associations between body size and dietary restraint (and potentially other aspects of lifestyle) but use self-reported measurements. The dietary restraint score was less strongly associated with the mis-reporting of BMI by middle-aged males in these analyses. This may suggest that there are gender differences in the influence of 'figure consciousness' on mis-reporting. Alternatively, the dietary restraint score may not be the best indicator of such concerns in males. However, a formal test for interaction between gender and Mis-reporting of anthropometric measures A Cullum et al dietary restraint indicated that any gender difference is far from secure. A higher BMI was significantly associated with increased mis-reporting of waist circumference, particularly for men. Han et al 19 have previously shown that a high central distribution of fat may be regarded in a negative light, and there is some evidence from previous studies that misreporting of circumference measurements may be greater in those with higher central adiposity. 20, 21 As men are more likely to store fat abdominally, it makes sense that any dissatisfaction with their body size should be focused on their waist. Why the dietary restraint score did not identify such concerns is unclear. Among the Barry Caerphilly participants, dietary restraint appeared to be more strongly associated with indicators of a 'healthy lifestyle' (nonsmoking and increased physical activity) in men than women. Previously reported associations between mis-reporting and age, social position and/or smoking were not confirmed in these analyses. [1] [2] [3] 5, 18, 22, 23 Explanations for the absence of such associations are unclear, particularly as participants' behaviours and levels of adiposity were in line with UK population estimates, the social class distribution of the cohort was reasonable and substantial differences were not found between those who attended and those who did not attend a clinic session. Reporting of waist circumference was particularly poor despite the inclusion of paper tape measures. Providing more specific instructions--for example, taking the measurement after breathing out normally, with the stomach relaxed and not pulled in--may have produced more accurate measurements. Several studies have suggested that people find it difficult to report waist circumferences accurately. 20, 21 Subjects with considerable deposits of abdominal fat may have had trouble identifying the mid-point between their ribs and hips. More specific sites (eg the level of the last rib or umbilicus) may have produced more accurate reports, although they are likely to be more difficult to standardise and compare with other studies. Furthermore, it cannot be assumed that associations between intra-abdominal fat or risk of disease and waist circumference will be the same for specific waist sites, and sites more commonly assessed. 24 The majority of participants in this cohort reported their anthropometric measures in imperial units. The lower accuracy of measures reported in feet and inches and then converted into metric is the most likely explanation for the Bland-Altman plots for height and waist circumference exhibiting a distinct pattern--each diagonal line corresponding to the imperial value for the self-reported measure.
Conclusions
'Figure consciousness' may be important in the mis-reporting of anthropometric measurements by middle-aged adults, although the impact of such concerns may vary by gender. In females, the dietary restraint score may be a useful tool for identifying individuals more likely to mis-report. The results also raise doubts as to the validity of studies that test associations between dietary restraint and body size but use self-reported heights and weights. 25, 26 Concerns about body size also appeared to influence the reporting of circumference measures, particularly in men. However, associations were not observed with the dietary restraint score. The best tool for identifying concerns about body weight and shape in large epidemiological studies warrants further investigation, as does the applicability of the observed findings to other age and ethnic groups. Mis-reporting of anthropometric measures A Cullum et al
